Research has added evidence in favor of computer-navigated techniques over conventional surgery for total knee arthroplasty (TKA). The goal of the current meta-analysis was to compare the outcome of outliers in mechanical axis and postoperative complications in patients undergoing conventional vs computer-navigated techniques for TKA. English literature searches were performed in PubMed, EMBASE, Web of Science, and the Cochrane Library for studies published between January 2002 and August 2012. Randomized, controlled trials comparing computer navigation with conventional surgery for the measurement of mechanical axes in patients with primary osteoarthritis were considered eligible. Fifteen trials were eligible for inclusion. The baseline demographics of 2089 patients (computer-navigated=1111; conventional=978) were well matched. Publication bias was eliminated using the funnel plot. A mechanical axis of more than 30° was considered to be malalignment and an outlier in limb alignment. A significant increase of 16.9 minutes in mean operative time for computer-navigated TKA was observed (P=.046). Although patients undergoing computer-navigated TKA had fewer outliers in mechanical axis (13.4%) compared with the conventional technique (27.4%), the results did not achieve statistical significance (I 2 =0.0%; P=1.000). Fewer complications were observed in patients undergoing computer-navigated TKA (4%) compared with conventional TKA (6.5%).
C omputer navigation has gained popularity over the past decade since its introduction in knee prostheses compared with conventional orthopedic surgical techniques.
1 Simply put, computer navigation systems show the live surgical action on a computer screen, which may help improve the alignment of the prosthesis.
The need for accuracy in proper prosthetic positioning has led to an increased use of computer navigation systems in total knee arthroplasty (TKA). There are 3 types of computer navigation systems for TKA: intraoperative image-free (no computed tomography [CT] or radiograph); preoperative image-based (CT-based); and intraoperative image-based (radiograph, no CT). 2 Computer navigation has repeatedly demonstrated improvement in the alignment of prosthetic knee components compared with a conventional manual technique.
3-5 Furthermore, a well-positioned prosthesis is directly associated with a good clinical result. 6 A mechanical axis of more than 30° is considered malalignment and an outlier in limb alignment.
Despite widespread use, debate is ongoing regarding the risks and benefits of computer navigation systems. Computer navigation increases operative time and adds to the overall cost of surgery due to use of sophisticated equipment. 7 However, the use of computer navigation is a step toward individualization of surgical technology and makes surgeons more apt to deal with complicated surgeries.
Computer navigation techniques have advanced technologically over the past decade, especially in the past 5 years. The expertise of orthopedic surgeons and the learning curve in the use of computer navigation have also improved. Considering that computer navigation is rapidly making a place for itself in TKA, the current authors conducted a meta-analysis to assess its accuracy in limb alignment. This study was conducted for randomized, controlled trials to compare the outcome of outliers in mechanical axis in patients undergoing conventional and computernavigated techniques. Postoperative complications were also reviewed. The metaanalysis was reported as per the Quality of Reporting of Meta-analyses (QUOROM) statement.
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Materials and Methods
PubMed, EMBASE, and Web of Sciences electronic databases were searched between January 2002 and August 2012 using the search string (computer OR computer navigation OR navigation) AND (knee arthroplasty OR joint replacement OR joint prosthesis OR arthroplasty). The Cochrane Library was also searched. The study was limited to the English-language literature. All types of navigation systems were included to reduce bias in the use of computer navigation system and type of prosthesis.
Inclusion and Exclusion Criteria
A study was eligible for inclusion if (1) it was a prospective randomized, controlled trial; (2) patients underwent primary TKA; (3) imageless or CT-based computer navigation was used in comparison with the conventional technique; and (4) the outcome measure was measurement of the mechanical axis. A study was excluded if (1) the knee surgery was bilateral; (2) the outcome of interest was not reported; (3) extrapolation or calculation of the necessary data was not possible from the published results; and (4) it contained previously published data.
The abstract of an article was retrieved and reviewed if the title of the article and/ or keywords were relevant. The full-text articles of all potentially relevant articles were read to consider the article for inclusion in the study. The articles that compared mechanical axes and outliers in femoral and tibial angles of computer navigation with conventional TKA were included. The reference lists of the included articles were cross-checked to identify citations that could have been missed in the primary search steps. The articles reporting insufficient data, using nonstandardized scoring systems, or lacking precise comparison methods were rejected.
Two authors (J.S.S., Y.B.W.) independently assessed the methodological quality of the included randomized, controlled trials. Study quality was judged on the basis of the randomization procedure, follow-up rates, interventions, and level of evidence (I or II were included). For each eligible study, 2 authors extracted the relevant data, including demographic data (age, sex, and body mass index [BMI]), mechanical axis, deviation from neutral (outliers from the desired target of more than 30°), and mean operative time.
Statistical Analysis
Study heterogeneity was assessed, and a P value less than .1 was considered to be suggestive of statistical heterogeneity. Publication bias was assessed with funnel plots, which demonstrate the relationship between the sample sizes of the studies and the precision in estimating the outcome. Bias can be seen if the plots are widely skewed compared with a plot resembling an inverted triangle, which represents no bias. Results were combined using a weighted mean difference for continuous outcomes. For categorical outcomes, the odds ratio or risk difference was calculated as the summary statistics. An odds ratio less than 1 favors the treatment group, and the point estimate of the odds ratio is considered to be statistically significant if the 95% confidence interval does not include the value 1. A randomeffects model was used to pool data to control for increased study heterogeneity.
results
A total of 146 studies were identified after the database search and cross-checking of reference lists. Of these, 111 studies were excluded on the basis of title or abstract. The full texts of 32 articles were retrieved and read by 2 independent authors (J.S.S., Y.B.W.). Finally, 15 randomized, controlled trials were included in the metaanalysis ( Figure A , available at the end of the PDF of this article). [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] The study characteristics of the included studies are tabulated in Table A (available at the end of the PDF of this article).
The available baseline demographics of patients in the computer-navigated and conventional groups were well matched. Mean patient age was 68.8±2.1 years in the computer-navigated group and 68.3±2.5 years in the conventional group (P=.600). Mean patient BMI was 29.7±1.1 kg/ m 2 in the computer-navigated group and 29.7±1.9 kg/m 2 in the conventional group (P=.987). In both of the groups, the majority of patients were female (computernavigated group, 67.4±19.6; conventional group, 59.4±12.0; P=.734).
All included studies compared conventional TKA with computer-navigated TKA. In one study, the authors compared conventional minimally invasive surgery with computer-navigated minimally invasive surgery. Data for the group with minimally invasive surgery were not included. 12 In another study, 13 the conventional technique was compared with computernavigated surgery and computer-navigated minimally invasive surgery. For this study, the data for the 2 types of computer-navigated techniques were pooled.
A total of 2089 patients (computernavigated=1111; conventional=978) undergoing TKA for primary osteoarthritis were included in the meta-analysis. The available baseline demographic data were well matched for patients (Table B, available at the end of the PDF of this article). The Figure shows the funnel plot for the 15 included studies reporting outliers in mechanical axis of more than 30°. The majority of the studies were within the 95% confidence interval, showing a minimal publication bias.
A significant increase of 16.9 minutes in mean operative time was observed in the computer-navigated group (93.1±17.7 minutes) vs the conventional group (76.2±18.2 minutes) (P=.046) ( Table A, available at the end of the PDF of this article).
The number of mechanical axis outliers in the computer-navigated group was 149 (13.4%) of 1111, compared with 268 (27.4%) of 978 in the conventional group. Figure B (available at the end of the PDF of this article) shows the forest plot for outliers in mechanical axis as per randomeffects model. The pooled odds ratio for overall outliers in mechanical axis showed no difference between the 2 groups; no heterogeneity was observed (P=1.000; I 2 =0.0%). Femoral and tibial angles were calculated in 7 of the included studies. The pooled data in the random-effects model showed no difference between the 2 groups. No heterogeneity was observed (Figures C-D, available at the end of the PDF of this article).
Eight studies presented data regarding complications (Table B , available at the end of the PDF of this article). There was no complication observed in any patient in just 1 of these 8 studies.
14 This study was included in the denominator when analyzing the percentage of complications. Of a total of 1430 patients evaluated for complications (computer-navigated=766; conventional=535), complications were observed in 33 (4%) patients in the computer-navigated group and 35 (6.5%) patients in the conventional group. Common complications observed were deep vein thrombosis, postoperative confusion, and wound-healing problems (eg, superficial infection, delayed healing).
discussion
Given that computer-navigated techniques have advanced over the past 10 years, the current meta-analysis of randomized, controlled trials conducted between 2002 and 2012 was performed to compare computer-navigated surgery with conventional surgery. The authors compared conventional surgery with computer-navigated surgery irrespective of the type of equipment or procedure (minimally invasive or normal) and form of navigation (CT-based or imageless) used. This was done to gather all the available evidence for computer navigation compared with conventional surgery, as would be done in clinical practice. The results of this meta-analysis of 15 randomized, controlled trials demonstrated a decreased number of mechanical axis outliers in the computer-navigated group compared with the conventional group, but the results did not achieve statistical significance. Furthermore, no difference was observed in femoral and tibial angles between groups. The authors also compared the complications observed in the included studies. Fewer complications were observed in patients treated with computernavigated surgery vs conventional surgery.
Computer-navigated surgery is rapidly gaining popularity to help minimize errors in knee prosthesis placement. Two forms of computer-navigated TKA exist: the active robotic technique and the passive system, which includes CT-based and imageless systems, whereby the surgeon navigates instruments and components within a virtual picture intraoperatively. Passive computer navigation offers a preoperative examination of the knee on a computer screen, which helps the surgeon target the affected site more accurately, resulting in better alignment. 15 A mechanical axis of more than 30° was considered to be malalignment and an outlier in limb alignment. Previous studies have reported that a mechanical axis of more than 30° can lead to early loosening [24] [25] [26] and reduce the 10-year survival of TKA from 90% to 73%. 27 Thus, proper alignment and a mechanical axis within 30° is a crucial clinical outcome for patients undergoing TKA. When considered individually, a majority of the studies included in the current metaanalysis showed a significant reduction in outliers with computer navigation. The meta-analysis also revealed fewer outliers (13.4%) in the computer-navigated group compared with the conventional group (27.4%). Brin et al 6 conducted a Bayesian meta-analysis of 23 articles that included randomized, controlled trials, nonrandomized cohort studies, retrospective studies, and studies that used a historical cohort. Their meta-analysis showed that the use of imageless computer-navigated TKA significantly reduced the number of outliers in limb mechanical axis and coronal position of the implants by a rate of approximately 80%. 6 Two other metaanalyses investigated the effectiveness of computer-navigated TKA compared with conventional TKA. 7, 28 These studies included randomized, controlled trials, quasi-randomized, controlled trials, studies with historical cohorts, and studies investigating the outcome of both CT-based and imageless navigation systems for TKA. These meta-analyses demonstrated better results for computer-navigated TKA. The current meta-analysis included randomized, controlled trials after assessing their methodological quality and included imageless and CT-based navigation systems to compare outliers in mechanical axis with the conventional technique. The inclusion of only randomized, controlled trials was an attempt to eliminate bias in treatment assignment, and randomized, controlled trials have a more valid study design for causal inference compared with an observational study design. Furthermore, the authors did not observe publication bias ( Figure A , available at the end of the PDF of this article), which is considered a major reason for including studies other than randomized, controlled trials in meta-analyses.
Mean operative time in the current meta-analysis was significantly longer in the computer-navigated group compared with the conventional group (P=.046). There is a paucity of evidence regarding the clinical disadvantages of longer operative time, but theoretical disadvantages of prolonged operative time include increased blood loss and tourniquet-associated ischemia, increased incidence of infection, delayed wound healing, and added cost. However, evidence of these complications was not found in the 2 groups.
The main limitation of the current meta-analysis was the inclusion of studies comparing different types of computernavigated techniques with conventional techniques. Although the meta-analysis was well planned, inclusion of a single type of computer-navigated technique could not be achieved due to less evidence. Better outcomes may become available through meta-analyses comparing a single computed-navigated technique and conventional technique with more research in this area. In addition, the follow-up period in the majority of these studies was 6 months but covered the critical time when the benefits of computer-navigated surgery can be observed. Lastly, although a random-effects model was used to compensate for statistical heterogeneity, real clinical heterogeneity cannot be totally ruled out because the included studies had nonuniform definitions, end points, types of implants, and care programs, and also possible differences in baseline demographics, such as severity of the disease. The authors tried to control this heterogeneity by clearly defining inclusion and exclusion criteria and the outcomes to be studied before the meta-analysis.
conclusion
This meta-analysis demonstrated fewer mechanical axis outliers with the use of computer-navigated TKA compared with conventional TKA. In addition, the total number of postoperative complications observed in patients who underwent computer-navigated TKA was significantly less than that observed in the conventional group. The results of this meta-analysis provide a platform for further research in this area. There is a need for better designed randomized, controlled trials to facilitate the availability of stronger evidence in favor of computer-navigated surgery. 
